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SECTION 1

INTRODUCTION

The ARES (Advanced Research Electromagnetic Simulator) is a

parallel-plate transmission line simulator which provides a working volume

33 meters long by 40 meters wide by 40 meters high. It was originally

designed and constructed to provide a free space (plane wave) EMP environ-

ment for the testing of full scale missiles in simulated flight.

This report considers application of the ARES to source region

testing near the air-ground interface. Since the ARES was designed with a

very different problem in mind, it is reasonable to anticipate that this

new application will require some modification of the facility. Before

the nature of these changes, if any, can be defined we must first deter-

mine to what extent the present ARES configuration compares with a typical

source region environment. Some elements of the source region environ-

ment, such as air conductivity, will be missing entirely. Other para-

meters may be present but of incorrect sense or amplitude. The impact of

the missing or modified parameters must be assessed. For the purposes of

this report it was deemed best to choose a "typical" source region

environment. This approach allows specific comparisons to be made, and

can result in specific recommendations for modifications.

A major attribute of the ARES is its large physical size, allow-

ing for the possibility of testing large tactical systems or components -

vans, vehicles, towers, with their numerous cable interconnections.

ib..--L5



Figure 1-1 provides a schematic representation of the ARES

facility. All dimensions are in meters. The working volume is accessable

via a surface road so that large vehicles and system components have

direct access to the working floor space. Figure 1-2 shows the coordinate

system employed for past field maps of the ARES working volume. The same

coordinate system will be employed in this report to facilitate compari-

sons with previous work.

While a fully deployed tactical system covers considerably more

territory than available in the ARES, major elements of a system could

conceivably be tested under deployed conditions. For example, a communi-

cations and control van, a missile launcher, and their associated cabling

and/or antennas might be arranged in the available ARES floor space to

simulate a realistic deployment. Due to this unique capability the

balance of this report will place emphasis on large tactical systems in

the source region environment. Smaller systems or components can be

tested in other simulators, such as AURORA, which are already operated as

source region simulators but lack the large volume capability.

A previous study of the ARES as a source region simulator has

been conducted by HDL 1 . In that study, the ARES is accepted for what it

is, a plane wave simulator, and the comparison of the ARES and the source

region environments is conducted at a range sufficiently far from the

burst point that Ee and B, have their free field ratio of the speed of

light, or equivalently, that the air conductivity is small (( < IU- 6

mho/m).

It is felt that the above aproach may be overly-restrictive and

in this report we adopt a different viewpoint. Rather than concentrating

on the outer edge of the source region, we will concentrate 0n the inner

6i
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Figure 1-1. ARES facility description.
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Figure 1-2. Coordinate system for ARES.
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edge of the tactical source region - the minimum range at which crew

survival is insured. Then equipment survival is also necessary for

mission completion. This is the range for which our environment compari-

sons and coupling calculations were conducted. The EMP fields at this

range are not plane wa.e, nor are the air conductivity and Compton

currents insignificant. However, a plane wave simulator may still provide

useful test results and this possibility should be examined in greater

detail.

The comparisons described in later sections were conducted for a

device with a 50 kT yield, with 3 percent of the yield in immediate

neutron and gamma radiation. This is felt to be a reasonable upper limit

for tactical nuclear weapons. The immediate dose from this device

determines the crew survival range.

9



SECTION 2

THE SOURCE REGION ENVIRONMENT

3efore proceeding with the technical discussion, we need to

define Whdt constitutes the "source region of i uterest". Tnli is 1ar tly

philosophical and partly a physical definition since it must be tL,1,de(1 t)v

the prevailing battlefield philosophy as well as by the laws ot pJysi,.-.

Tle basic Army philosopny reyardini niucledr s1rvivdhllit. is V
that the particular item of equipient or systeii should survive iv a

sufficient percentage of its crew survives long enou qn to -oIIllet, ti,

mission2 . Equipment failures can be generated by several nuclear .eadfr)

effects sucn as air blasts, tnerodl rdd tdLioi, and Li,-V . I n tIis repo rt t

will be concerned wi th how one veri f ies ex)eritentd I 1, t hat Jt sr iY

tactical system is hard to so.irce region LMP. The air blast and tferal

radiation, as well as total rodiation dose, serve to define an Inner

radius to the source region since they would disable any (rew located

nearer the burst point.

The definition ot the inner enye of the sojrce rei q , 1

somewhat arbitrary. It depends upon the type of prte t ion a svst

provides the crew from nuclear weapon effects. The Ativ speciIi, jIi

consiJers: exposed personnel, personrel in foxhol es, personnel in or' i'r,

vehicles, and personnel in wheeled vehic les. It also depen,, ,[ui t

weapon output to which one expects to be exposed. Tile relatiye ulOitd,,

of the various disabling luecnanisris car vary qreat y with ,ieopon us ion.

10



In addition the EMP is sensitive to such parameters as the water content

of the air, soil conductivity, and terrain features such as hills and

valleys. It can also be modified by previous nuclear explosions.

2.1 TYPICAL ENVIRONMENT

In spite of the variability in the source region EMP 't is

useful to define a specific environment to which one may refer.

Therefore, let us consider 50 kT yield as an upper limit for weapons of

tactical interest. Assume that 3 percent of the yield is in initial

neutron and y-radiation.3 A typical mean free path (x) at sea level for

such radiation is 3x104 cm. Using the fact that I kT equals 4.18x1019

ergs, 1 rad = 100 ergs/gm, and the density of air is p = 1.23xi0- 3

gm/cm 3, we find that the immediate dose at a radius r is

YxO.03x4.18x101
9e-r/x

l0Ox 4 rr 2xPA

D = 1.35x1015e-r/X/r 2 rads

At r = i05 cm, U = 4800 rads, while at r = 1.5x105, D = 405 rads.

Doses in the 1000 to 5000 rad range produce almost immediate

incapacitation 3 so we may define the inner radius of the source region to

be somewhere in the 1 to 1.5 km range.

Figures 2-1 through 2-3 display the variation in the peak values

of the radial Compton current, Jr, the radial electric field, Er, the

azimuthal magnetic field, B, the vertical electric field, E0, and the

air conductivity, o, with range for a 50 kT surface burst. All values are

11
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near the ground-air interface. Results are from the new MRC/HDL code

MODELC which assumes a perfectly conducting ground. A one percent air

moisture content was assumed.

Figure 2-1 shows that in the I to 1.5 km range of interest the

radial current decreases from 55 to 4.5 amps/m 2 . The resulting radial

electric field Er varies from 50 to 18 kV/meter. The vertical gradient

in the radial electric field at the ground results in the generation of

BP and E6 field components. It is seen that B¢ varies from about

2.8x10 -4  to about 10-4  Tesla over the ranges of interest. The

magnetic field is plotted as cB, (in kV/m) in Figure 2-2 to emphasize

the distinction between the source region and plane wave propagation. The

fields become essentially plane wave when E0 = cB at about 1.8 km.

The vertical electric field shows less variation ranging from about 40 to

20 kV/meter. The air conductivity changes from 10-3 to 10-4 mho/meter

over the 1.0 to 1.5 km range.

For the following discussion we select a range of 1.2 km from

the burst point. The immediate dose at this range is estimatea to be 1720

rads. We therefore proceed to define a specific environment under the

following assumptions:

(a) Surface burst

(b) 50 kT yield

(c) Range from burst = 1.2 km

(d) Perfectly conducting ground

(e) Air moisture content = 1 percent

(f) Air density = 1.23xi0 - gm/cm

The EMP environment parameters at our designated range are defined by Fig-

ures 2-4 through 2-6 which present computed time histories. The Compton

current, shown in Figure 2-4, has an initial e-folding time of 10-8 sec.

15
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At 4x10-8  sec it decreases to 5x10 ~9 seconds. The peak current is

about 19 A/m which occurs at 1.2xi0 - 7 seconds.

The assumption of a perfectly conducting ground causes the

radial electric field to be shorted out so that Er = 0 there. However,

at relatively short distances above the ground (= 3 meters) Er is not

zero but is given in Figure 2-5. The peak value is about 34 kV/meter,

dropping to a relatively constant value of 15 kV/meter for later times.

Figure 2-5 shows that the surface magnetic field continues to

rise beyond the peak in the Compton current. It eventually reaches a

maximum value of about 1.8x1U-4 Tesla which corresponds to an H of 143

A/m. It should be noted that B is negative. This corresponds to a

positive surface current that is flowing radially outward or an electron

flow back towards the burst point.

The vertical electric field in Figure 2-5 points upward at the

surface which corresponds to a negative E0 . At the peak of the Compton

current E6 also peaks. It continues decreasing until 4x10 - 7 seconds

when it begins increasing again. By 10 pseconds it has increased to

nearly the value it had at the peak of the prompt y-pulse.

Air conductivity versus time is shown in Figure 2-6. The air

conductivity peaks at about 3.5xi0 -4 mho/m, just after the peak in the

Compton current. By 10 pseconds it has fallen to about 10-5 mho/m.

Because of the air conductivity both conduction (oE) and displacement

( o0 ) current densities are present in the source region. These two cur-

rents are presented in Figure 2-7 with the displacement current labeled D

(solid curve) and the conduction current labled C (dashed curve). They

are seen to dominate at different times, reaching comparable peak

mdgnitudes.

17
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It shoild be noted that the ARES provides the correct fields in

teriis of components present and sense, though am )plitudes differ. For

example, the ARES Ex corresponds to the source region -E6 since the

source region vertical electric field is negative in toe spherical

coordinate system (points upward). Simlilarly, we have 1z - Lk anc

By = -13 * because of this one-for-one corresoondence, the ARES field

designations E, , by, Ez (see Fi gure 1-2) wi 11 be adopted throughout

tne reia.inder of tnis report.

Adaptation of the ARES as a source region simulator :lust be

examined in terms of the source region environment generatedby a nuclear

surface burst. Physical descriptions of the source region, which elabor-

ate upon the characteristics described above, way be fouid in tleferences 4

and 5.

2.2 ARES EMP ENVIRONMENT

In tle previous section the source region environilient 1.2 km

from a 50 kt burst has been defined in terms of the tiilie histories of

several source and field parameters. Coiiparisons betweei, the ARES and the

source region defined above have been conducted for several environm~ent

parameters .ith the results suim.arized in Figures 2-8 to 2-1b.

ARES data were obtained from References b through 9. Basically,

the ARES is a parallel plate transmission line simAulator with conical

input and output sections. It operates in the TEBI iode, with L5 anid

B the principal electric and miagnetic field co.iponents respectively.

due to spherical wave, diffraction and reflection effects a lonnitudinci

(Ez) electric field co.iponent is present and the propaqation velocity is

about 8 percent below the velocity of light (the wave ipedance is no

quite plane wave). The ARLS coordinate systew is shown in Figure 1-2.

21



For the parameter comparisons presented below the time plot for

the measured ARES magnetic field, By, was employed.) The E× and Ez

electric field time variations were assumed to be the same with amplitude

adjustments to fit measured peak values. r

Comparisons of the pulse time histories for the ARES and the

source region are presented in Figures 2-8 to 2-10. The ARES is shown as

the solid line with a dashed line for the source region. The iagnitude ot

Ex in the ARES exceeds the source region amplitude by about N0 percent.

The peak magnitude of Ez in the ARES is only about 3U percent of the

source region value but the peak aiplitudes of the bys are nearly

identica I.

,he ARES pulser is capable of providing a very fdst rise tirte

with typical values between 5 and 10 ns. The source region pulse shows an

e-folding with ca 2x108 /sec. This parameter depends upon the device,

burst altitude and ground conductivity but the value shown here is nUL

untypical. With a 10-90 percent rise time of 10 ns the ARES provides a

very good sii;ulation of the leading edge of the source region pulse.

For late times the source region fields maintain high al )li-

tudes, except for Ex which first shows a rapid drop after the pk K

before again climbing to its peak value. By 10-3 seconds all fielal

components have decreased to small values. The ARES fields drop rdpidlV

after the peak, providing a reasonably good simulation of the early ti,,e

vertical electric field but showing no correspondence to the tield caii-

ponents for late times. It will be seen in the next section, however,

that the coupling response is often more sensitive to L and B, the tilnIe

derivatives cf the electric and magnetic fields, than to the tielI:

components proper. We should therefore examirne the time derivatives to

evaluate their impact on the source region simulation.

22
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Time derivatives of Ex and By are presented in Figures 2-11

and 2-12, shown by a dashed line. They were computed using the source

region results from the MODELC code. The ARES results are presented on

each plot as a solid line. It is seen that the magnitudes for the ARES

exceed the source region values by a factor of six for both E and B pro-x y
viding a significant margin of overtest capability. Since dipoles and
loops respond primarily to E and 13 respectively, the figures show the

x y

relative amplitudes of drives for these elements in the ARES and source

region. For the E negative overshoot, the ARES exceeds the MOUELC valuex
by nearly a factor of 2.

Fourier transforms of all field components are presented in

Figures 2-13 to 2-15. In each figure the ARES is represented by a solid

line and the source region by a dashed line. The ARES transforms were

obtained from the time histories shown in Figures 2-8 to 2-10. They show

the characteristic notches at 17 and 34 MHz and in general are the same as

transforms shown in the references. 7 9  For aI field components the

ARES shows higher amplitudes at high frequencies and lower amplitudes at

low frequencies. It will therefore provide an overtest capability aL high

frequencies where many system components shov the greatest coupling

response.

Since the source region field amplitudes generaliy remain hiun

to late times the transforms show higher amplitudes at low frequeni,,

This is particularly true for the radial electric field LZ V1icn hdL Ia

large amplitude in the source region (set- FIgure -IlU). the net rpeA I

thdt the ARES provides an overtest at hitgh frequencies and dn uroiertect it

low frequencies. The crossover ftequency between unutertest jnc ir t e ,

is different for each field component, beiriq Z Yliz t or the h, t

magnetic field, 1BO KHz for the verticl electric eld, &1!

Ilk_2 •
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the longitudinal electric field. It would be desirable to enhance the

amplitude of the ARES Ez component. A possible means for accomplishing

this is described in Section 4.

The source region contains both conduction and displacement

current densities which dominate at different times. Prior to the peak of

the pulse the displacement current is dominant since Ex is large and the

increasing a trails E in time. This gives
x

oE x >> oEx  (before peak)

At the peak Ex 0 so the conduction current is dominant giving

cE >> E E (at peak).

For late times both o and E are much smaller so that both the conduction
x

current (aE x) and the displacement current (0 L x) are sma ll. They have

cotlparable amplitudes at late times for the tactical environment selected,

so

oL - tE (late tivies)

For the ARES the conduction current is zero since the dir (utmdILt10it,

0 = U. However, the ARLS provides d si(nif i rit dii ') iier1t ,r r ent

density (amps/m ) as shown in fiqure 2-lb. 1r () r fJdr sron t tic, ',jr( e

region conduction current (labe led C) and Ilsp la celerit ,jrr r ,Ii , j

a r e s h o w n b y d a s h e d l i n e s . I t i s s e e n t h a t t h e A R L S p r n v l t t ,s d r u v wvr t e w t

by a factor of 6 for the displacement current density.
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SECTION 3

SOURCE REGION COUPLING

HIP coupling in the source region is ctiaracterized b~y d number

of phenomena which are absent for plane wave coupling. These phenomena

are describec briefly below and their relative importance for the tactical

source region (as defined in this report) is discussed.

"he quantity anid variety ot couplIi ny sources for a deployel

tacticda system is stagyer-inu: it is riot possible to consider theiii all inl

this ropinrt. orlioddly, hiowever, rany of -he coupling mechaniismls encounter-

e A Tfidy Y S e rated into e oeer-a I cdtaqories wh ic h resporni t o

ili tfferent conK)oneflts of the mijrf-e rerii r- env i ronilnert. I-or the tdct1'al

systei tllese are ,Iipules, loIcc' .or,> trans~iilssion lines. Wiile these threi-

,teqor,.es do riot exhaust th. lussibil1itie, for coup i :,g i nto a I 1 ,i

,,v ste , t iney do rep resent I:r ve ry 11po0r t a nt a r d common La 0 n, o i r

i ch a rl I '. "ofi I ypi ca 1 Ad i 'ire, shuowi n II Fiore 3- 1. Lxaioipiet, o

Ii pot i c d r innu )ioles ) aret Whit, arria~S Of' Vans , trujcks, etc. , t owe r

i~p i. i 1 i ries or other dtrt'r'd, , l'v I f u Ily i iy vert i tl cand(uctUr

t)(01 r' ~ I A, Ltu t ' d' d cl 15 Of Ild 3 ~ p trr j "ith I 1

cab h I rn in r, t weprT vdn, j, t -';e r 1wi c, o, T r-o 1 tiv tW- eir rt
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We have elected to compute the response for typical examples of

two of these components. These "canonical" objects are a short monopole

over a ground plane and a small loop. These objects will display repre-

sentative responses to the environment defined previously. The relative

importance of some parameters, such as air conductivity, in determining

the overall object response shail also be examined briefly.

3.1 COUPLING MODIFICATION IN THE SOURCE REGION ENVIRONMENT

Distinct from plane wave coupling, the source region introduces

several new phenomena into the coupling picture. In this sectioa we shall

simply list the important parameters with a brief description of their

impact on the general coupling environment. More detailed descriptions of

source region coupling for specific objects are presented in the next

sections. It is important to note that it is not necessary to accurately

duplicate all aspects of the tactical environment. Rather, it is only

necessary to reproduce those aspects of the environment which are

important in determining the coupling response ot the system. Phe

importance of the various new parameters will be discussed below.

Parameters present in the source region which are dosent for

plane wave coupling are:

(a) Direct drive from gamma radiation

(b) Compton current

(c) Air conductivity

(d) E,, ;t c13

(e) Radial electric field, Er

(t) High field amplitude, for late tines (t > Io) seconds)

[he impact of these additional coupling mechanisms is u:iot sever, tor

ranges close to the burst (say < L0U meters). lor dreatr rarijes the

impact is not so great and, in fact, at sufficiently larqe d1StWIe

(> ZOUU meters) these parameters become i nsi Ini ti cant dnO tht, t

SIIIII I . ....



disturbance is approximately a plane wave as described in Reference 1. In

this report we have selected an intermediate range. Therefore each of the

phenomena listed above must be examined separately to determine its rela-

tive importance.

At ranges close to the burst, objects will be subjected to large

doses of gamma radiation and Compton current. These objects may then

collect charge directly from the environment. The amount of charge

collected depends on the relative transparency of the various objects to

gamma rays, i.e., how well gamma radiation penetrates without

attenuation. An object which stops all incident radiation (opaque or

y-thick) will simply collect all the Compton current which strikes it,

acquiring a net electric charge.

Objects which are transparent (y-thin) to incident gamma

radiation accumulate little net charge. Gamma rays traverse the object

with essentially no attenuation causing a Compton current to flow off the

back of the object. This current draws away the charge resulting from the

collection of Compton current on the front. Another way to view this is

to regard the gamma-thin object invisible, i.e., the Compton current

passes directly through the object, or is continuous through the object

interfaces. In fact, gamma thin objects may still collect about 10

percent of the incident Compton current, due to material differences.

The criterion for gamma-thick or gamma-thin is given by

Longmire" in terms of the projected mass of the object in the direction

of the incident gamma radiation. This value of projected mass per un~t

area is m. = 30 gm/cm 2 . Thus an object will be gamma-thin or

gamma-thick if its projected mass per unit area is small or large compared

to 30 gm/cm 2 . It is expected that essentially all components of a

tactical system will be relatively gamma-thin. Possible exceptions are

vehicle engine blocks, armored portions of vehicles or solid propellant

sections of larger missiles.
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To obtain some estimate of direct effects for gamma-thick

objects consider the charge accumulated on a solid sphere of 1 meter

radius R. The charge is obtained approximately as the peak Compton

current times the half width of the pulse. This gives

= A t Area = (19 amR)(2.5x1O- sec) (7R 2m2

m

- 15xl -6 R Coul

For a radius R the capacitance of a sphere to infinity is

C = 1.11x10 - 1 U R farad

so that the potential to infinity is

V - 1.5×1-6

C 1.1 1- 101 .llxlo-O

becoming = 13,500 volts for a sphere with a I meter radius. This might be

representative of an ungrounded vehicle with an armored cab about six feet

across. The electric field which corresponds to this potential (several

thousand volts/meter) will affect any antennas mounted on the vehicle. In

addition, a sizeable current will flow on the surface of the vehicle as

surface charges form to accommodate the electric field, and these surface

currents will couple into exposed cabling. Note however that direct

interaction is only significant for dense objects with an appreciable

cross sectional area.
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For gamma-thin objects similar calculations1 1  indicate small

fields, and currents which are fractions of an amp. Virtually all

elements of a tactical system, vans, antennas, cables, electronic equip-

ment, etc., are expected to be gamma-thin. In situations where a question

exists a separate calculation should be conducted to define the expected

effects. Possible methods for simulating direct interaction in ARES will

be discussed in Section 4.

The range selected in this report represents the inner edge of

the tactical source region. Peak air conductivity is moderately low (-

10- 4 mho/meter) but not negligible and local gamma radiation levels are

too low to cause significant charging of typical antennas through direct

interaction.

3.2 COUPLING TO CANONICAL OBJECTS

3.2.1 Short Monopole Antenna

We first consider source region coupling to the short monopole.

Outside of the source region the environment can frequently be character-

ized by a current and/or voltage source which drives an equivalent circuit

representation of the antenna. The parameters in this circuit are fixed

in time. In the source regin the effects of air conductivity, Compton

current, volume space charge, X-rays and neutrons complicate the situation

considerably.

Air conductivity is often treated in an equivalent circuit

approach by introducing a time-varying resistance into the antenna

equivalent circuit. The collection of Compton current is modeled by

introducing an additional current source into the circuit. Results of

experiments in AURORA 12 confirm the validity of these changes to the
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normal equivalent circuit treatments of the coupling problem, at least for

simple geometries.

A Thevenin equivalent circuit for the short monopole antenna is

presented in Figure 3-2. Note that for the antenna to be electrically

small it must not only be small compared to the wavelength of the exciting

electric field, it must also be small compared to the skin depth in the

ionized air produced by the burst. The skin depth in the air is given

approximately by

6 = a(3-1)

where -c is a characteristic time, and Wo is the permeability of free

space (= 4xx10 - 7 henrys/meter). For the 1.2 km environment - - 10-6

sec and o = 3.5xi0- 4 mho/meter so that 6 - 5 meters. The EMP frequency

content is essentially all below 100 MHz so the wavelength is greater than

3 meters. Therefore, we may select a monopole height h = 1 meter as truly

short in terms of both criteria. For antenna lengths which exceed 5

meters the ARES would excite an incorrect response. For intermediate

antenna lengths, i.e., where the antenna length exceeds the exciting

wavelength but not the skin depth, or vice versa, it would be necessary to

determine the response on a case by case basis.

In Figure 3-2 the current source is proportional to the dose

rate, 6, and represents the collection of Compton current for gamma-thick

objects. The short monopole, however, is gamma-thin and the current

source is absent from the circuit.
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y-thick only y-thin R
a

-I
IkD I L Impedance

Figure 3-2. Equivalent circuit for short monopole in the source region.

The antenna capacitance is that appropriate for a thin cylinder

resting on a conducting ground plane,13

Ca = 2h/cZo , (3-2)

where

Z° = 60 (s- 3.39) (3-3)

and

= 2xn(2h/a) . (3-4)
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In these expressions "h" is the height of the monopAe and "a" is the

radius. The shunt resistance is relateu Lu the time varying air con-

ductivity and the antenna capacitance by

Ra o/C a , (3-5)

where co= 8.854x1t - 12 farads/m) is the permittivity of free space.

The voltage across the antenna and its load is

1
V =---hE (-)
0 2 x

For h 1 in, a = 0.01 meter we obtain .2 10.59, giving Ca = 15.4 pf for

this monopole. The short circuit current is related to Vo by

[SO [ x + Ex] 
(3-7)

whi', expresses the current in term;;s of environment parameters. Note that

o x represents the displacement current and oL the conduction currenit.

In the source region environment the two terms dominate at difteror, t

times. The displacement current is dominant during the rise of the pu'se

with the conduction current dol;inant at the peak. At late times th tw:

current densities are comparable.

The monopol e resf oni has been colputed for th1)e "tvpi( j I

envi ronment defined earl ie r using the MUOHl C computer (-oe. ,

impedance was assumed as rf: , resentative of o ty p i I 0,,,. h e mit;,ut



from the code is the voltage across and the current through the load

impedance.

The computed monopole response is presented in Figure 3-3 for a

range of 1.2 km, with and without air conductivity. This comparison shows

the effect of air conductivity on the coupling. The shor, ir! it current

is presented and it is seen that air conductivity incrL s the peak

current about 20 percent. Without air conductivity there is a large

negative overshoot after the peak which is greatly reduced when conducti-

vity is present. This behavior is easily understandable in terms of short

antenna theory. Near the negative peak the displacement current and

conduction current add together so corJuctivity enhances the response.

After the peak the conduction current opposes the displacement current so

the negative overshoot is reduced. In neither case is the difference very

large.

For the case of no air conductivity, as in the ARES, a bipolar

pulse is seen to result. For an antenna terminated in a capacitor this

pulse will initially charqe and then discharge the capacitor, leaving

little net charge at the end of the pulse. With air conductivity present

discharging does not occur and a net charge remains on the capacitor at

the end of the pulse. It should be noted however that the major EMP

stress on the capacitor occurs during the initial charging, and this

stress is essentially the same for both cases. Thus the ARES can provide

the appropriate peak stress on a malor component, though this stress will

not be maintained. Any system hardened to one of the waveforms would

probdbly provide sufficient safety marqin to be hard to the other. The

voltaqe waveform shows a very similar response with the peak value

increased about lb percent with conductivity present.
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Figure 3-3. Response of a short antenna 1.2 kinl from a 50 kt
surface burst.
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For purposes of coriparison siili ar cal cul at i s dnre rwr ,

Fig(ure 3-4 at a range of ?.0 kvi. Results with and without jnduJt l1 ,

are shown. The peak current has dropped to about ? dlipS. ink r-sps,

,.ith and withoLt conductivity are essentia ly the same so tn- etfe( 1t

conductivity has become insignificant.

F- ig ure 3- snows d coi.1purisun of tte sort rioO)(J 1 rtsionst, 1r,

the ARES and in the source retlion with air conductivity. or ci hd i n

impedance i;ionopole, respondinq to L, tne uKES is seen to overdrive thc

short antenna oy a factor of 6. A peak antenna current of 87 ai.ips is

obtained coiipared to Ib amps for the source region response. This

provides aiple safety iiargin for the test of all components with coripar-

able areas exhiniting a dipole behavior. A negative oversnoot is also

present in the ARES response since the source region daiwening provided by

air conductivity is not present. A negative overshoot is also present in

the ARLS response since the source region dacpening provided by air

conductivity is not present. In the saiie environierit, a 1ow iipeddic-

IWInOJ)Ole ,ould act to integrate F so that it would respond priliarily to

L , the vertical electric field. For this case the ARCS would overdrive

the antenna about /0 percent in tire region of thre peak, nut would suohstan-

tdiliy underdrive the mjonopole at late tii;ies.

3. ?. 2 Small Loop Antenna

in a deployed tactical syst.ei the riyriad cables, phone I i ,,

et, . , mill inevitahly, toether witli vans, vehicles, arid the ( onom tirnq

irri ndl, f,)ri i ondict ino I oops. hite v rious loops %4i II f r iequi nt Iv )e

Orrented with the plane of the loop perpendi(-olar to the ormind. rhi , i

dF i ,Iei 1 1rrao i e lrt tfur" (o r I i rii ti ) t , I y (Ol 1 piiourit of tht (, ( u r ,

r tii ro 4liili. ihe iiiips 11 in ie irol 1) 1 1 all fior th frne ti jr' i

4%
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the LiI1 pulse. Ihe loop nust also be small compared to the plasma skin

depth, zb meters, so that the magnetic field does not change signiti-

Lant ly over, the area of the loop.

A ievenin equivalent circuit for a small loop is presented in

i kiqre -. Again, the current source represents the collection of

.Loipton current tor qaMiia-tnIlck objects, and is absent for the case being

corsidereI. Note that the resulting equivalent circuit is the same as

that ootained fur plane wave coupling. The air conductivity has no iipact

on a loop since .i ma(met ic dipole does i ot respond to changes in the

lielectric oonstant. Ihe corresponding parameter for a loop is the

perl'eablity , which in general is constant, and is usually equal to J,1

tle tree Spd(t- val e i.

Ior d loop oit radios R with wire radius a the inductance is (for

>' d

L J R n M/a) - i? henrys (-U)

d "0

yr l 01g ' 1S; Il P. C I1 , 1 0? o he

" i, : ! '[Iti r
!  a 114][ dt~1' lit " 1: [ q . wilt?) 0 * :[ t tlt 1114)

i i 1% li e' ', r& 1 eh i r h', t i s T ! ,i( ftlrIn T Ul'( ( it , I

U 'r:[ It ? t~ ?i' fltV'i't , ' t Te ll1I drdlttiF, V, , [t t le , ha? l n41 1 YdlITqt[ 1i

V



y-thick onl fi-thin

I -°

ILd~A Inpedance

Figure 3-6. Equivalent circuit for small loop in the source region.

Figure 3-7 shows the response of a small loop in the ARES and in

the source region. Since the loop area was conveniently selected as

S[T2 this figure appears identical to the 8y time derivative shown in
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Figure 2-12. For a high impedance ioop the response is to. i; anoc th

amplitude in the ARES is 39,0009 volts compared to 7000 volts in the Soujr -

region, so the l oop i s overdriven by about 6 times. However, 1 low

impedance Iloop integrates "I so tr iat i t respond!s es sent iall to L.I

th is case t he ARES woulId p rovi de a valIi d test at tohe pedk oft the pul1Se oU

would un(derdrive the loop substantially at late timles.



SECTION 4

ARES MODIFICATIONS FOR SOURCE REGION TESTS

The purpose of this effort is not to redesign the ARES, but

rather to estimate the quality of a source region simulation in ARES. It

appears, however, that some improvement in this simulation might be

achieved by installing some simple, and reversible, modifications in the

ARES facility. It is important that any changes remain reversible since

the ARES shall be required as a plane wave simulator for the MX program in

1983 and 1986. Also, some modifications may be accomplished on the

equipment under test rather than on the test facility. The following

paragraphs describe the important concept of simulation fidelity and

provide some specific suggestions for improving the fidelity of a source

region simulatin in the ARES.

Simulation fidelity is a measure of the degree to which the

simulator produces a response in a test object that is relatable to the

threat response. From tills viewpoint there is a complementary relation

between simulator realism on the one hand and theoretical understanding

with calculational ability on the other. In one limit a totally realistic

-production of the threat enviroment would produce a representative

response, and no understanding is required (except to relate the results

to another threat). At the other limit, if it is possible to calculate

the response with adequate confidence, no test is required. !he key to

evaluating simulation fidelity is an appreciation of what is being
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simulated, and what assumptions are required to relate the results to a

threat exposure.

As discussed in previous sections the phenomena that distinguish

SREMP from free-field EMP are: 1
4

(1) Air conductivity (time-varying).

(2) Compton currents, with material interface effects.

(3) Ionization effects in electronics, whereby the impedance

presented to input/output wires is changed.

The most realistic simulation would produce the correct time-

dependent gamma dose rate, with a spectrum that produces the correct

absorption coefficient and Compton-current densities. If only the air

conductivity is important, the requirement on the spectrum can be relaxed

to producing the correct dose-rate history in air only. If the time

dependence of the air conductivity is not critical the rise time of the

ionization source can be increased, so that the dose rate at the time of

interest (when the EM field is applied) is correct. If the relation

between dose rate and air conductivity is completely unimportant, the air

conductivity could be simulated by immersing the test object in a volume

conducting medium (e.g., conducting foam). At this stage, one can also

conceive of simulating the net Compton currents by adding appropriate

high-impedance pulsed current sources connected directly to the test

object.

This discussion illustrates the basic concept of simulation

fidelity: a tradeoff between simulation realism and understanding. Each

element of understanding simplifies the simulation problem, either by

making a parameter irrelevant or producible by simpler simulation.
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The definition of the source region adopted for this report

permits a significant relaxation of simulator requirements for testing.

It has been seen that pulse risetime and peak field values in the ARES

already provide a quite good representation of the source region. Late

time histories are not duplicated but neither are they as important in

many cases. Source region simulation in the ARES may be further improved

by adopting one or more of the following techniques:

(a) Soil on the ARES floor

(b) Conducting foam

(c) Auxiliary pulsers

(d) Current injection

(e) Direct cable drive

None of these methods involve any direct modificatior uf the ARES facility

and only (a) requires an extended time frame ,at least :tveral months) to

justify the effort involved.

A simple technique for obtaining a more realistic simulation of

ground effects involves covering the ARES floor space with soil to a depth

of about 4 meters. Elements of the tactical system are then deployed on

the soil and tested with an actual air-ground interface. Presence of the

soil would also serve to enhance the horizontal electric field (Ez)

giving a higher peak value more in line with the computed radial field.

Also, if the soil surface is inclined in the z-direction fromi front to

rear, cable drives will be enhanced since they will also be driven by a

portion of the Ex field component. Remiapping of the fields would be

required in the ARES working space to validate values which are predicted

beforehand. The movement of this large quantity of soil involves a

substantial effort but is not terribly significant with a time frame of
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years between installation and removal. The floor ground plane may be

protected by plastic sheets.

Systems with electronic components will be affected by the

photons and neutrons present in the source region. These effects need to

be included in an overall coupling analysis since TREE effects can affect

the coupling of the system to the environment by, for example, modifying

the input impedance. Possible synergisms between EMP and TREE effects are

another area where the source region is different from the free-field

environment. If pre-test predictions indicate that certain system ele-

ments are particularly sensitive to radiation, a local ionization source

may be introduced.

Other circumstances which call for local radiation involve

instances where air conductivity adjacent to an object or inside a cavity

produce a significant modification of the object response. It would then

be desirable to reproduce the local air conductivity in the larger system

simulation.

If the time dependence of the air conductivity is unimportant it

may be simulated by immersing the test object in a volume conducting

mpediwii such as a conducting foam. Again, this technique is best stc"

for simulations on local objects such as an antenna. Immersing an entire

vehicle in foam may be possible but is probably not practical. There will

be many instances where air conductivity will be unimportant and its

simulation may be dispensed with altogether.

Supplementary field excitation of particular objects might be

required for some simulations. Auxiliary pulsars mignt be employed to

enhance or modify the field environment provided by the ARES. Such units
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represent common technology but would require a special installation for

each test. It has been suggested'5 that an auxiliary pulser may be

employed to simulate the late time fields present in the source region.

This pulser would possess a slow rise time and would tend to "fill in" at

the end of the ARES pulse.

As previously discussed some components of the deployed system

could be gamma-thick, e.g., an armored vehicle. These components will

incur a net electric charge in the source region environment resulting

from direct interaction. This direct interaction may be simulated by

current injection directly onto the object of interest. Sources and feed

lines could be buried in the soil with minimum affect on the simulation.

Pulse risetimes and peak amplitudes are readily within the

state-of-the-art.

Another instance where direct drive might be useful is the

accumulation of current for long cable runs. Simimlation of currents

induced on long runs associated with particular equipments may be

accomplished by allowing the cable to exit the ARES working volufmie.

Direct drive might then be accomplished with equipment exterior to the

ARES facility.

lesting of internal interaction efects on system components such

as vans cannot be ac'omplished in the ARES and must be handled in other

simulators, such as AURORA, which are designed to produce an X-radiation

environment. Some related work has already been perforMed." ' Testinq in

other simulators will serve to compliment the ARES to provide a more

thorough evaluation of the entire system response.
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SECTION 5

SUMMARY AND CONCLUSIONS

The previous sections have defined a tactical source region

envionment and made comparisons with the environment provided by the

ARES. Coupling of both EMP environments into specified canonical objects

have been examined. In the short time span available for the current

study this effort could not be exhaustive but some interesting results

have been obtained. The effort presented above has emphasized EMP coup-

ling into deployed tactical systems since the ARES appears particularly

suited to the evaluation of large system components. As such, this effort

has only addressed the inner edge of the tactical source region, but this

represents the important region where crew survival is possible (and

therefore where equipment survival is necessary).

A summary of pros and cons for the ARES as a source region

simulator is presented in Table 5-1. In general it is concluded that

those aspects of the source region environment which are absent in the

ARES are either unimportant or may be provided on an individual basis for

specific system elements. It has been shown that many important coupling

elements (dipoles, loops and transmission lines) respond primarily to time

derivatives of the impinging EMP, Ez Ex and 1y . The ARES provides a

significant overtest capability (about 6 times) for these time deriva-

tives.
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The important air-ground interface may be included in ARES tests

by the simple expedient of covering the ARES working floor space with

earth. Where air conductivity is deemed important it may be provided by

using conducting foams around particular system elements. Direct current

injection might also be employed on some objects to supplement thu

environment provided by the ARES. It appears that any modifications

necessary to supplement the ARES environment may be accomplished directly

on the test objects or within an earth covered floor space without impact

on the ARES facility proper.

Recycling time for the ARES pulser is only three minutes while

the entire facility may be recycled in about five minutes. This provides

a significant advantage when compared with such source region facilities

as AURORA which require much longer recycle times (2 hours). Costs for

both facilities appear comparable, but the ARES could provide considerably

more data for a given test period.

It is suggested that further study be performed to provide firm

recommendations for an ARES source region test facility. A specific

system should be selected and examined in detail. This approach would

result in firm suggestions for modifications to supplement the environment

provided by the ARES. In particular, it is necessary to examine the

effect of soil on the ARES floor space.

In closing, we firmly agree with the following quote from the

ARES facility User's Mdnual

"The data obtained through experimentation at ARES are
necessarily only a portion of the information eventually
required for an assessment of the EMP vulnerability and
survivability on any system. The ARES Facility is not
can stand alone, unsupported by analysis and other test
efforts. As a general rule, a comprehensive assessment
program should be well under way before an attempt is
made to design the experiment to be conducted at ARES.

60



Such an assessment program will include identification

and ranking by relative importance of all paths of entry
of electromagnetic energy into the weapon system,
identification of the critical circuits within the
system, determination of the environment parameters
requiring close reproduction during test and analysis of
the coupling paths within the system. Clearly, some
best effort will have to be completed prior to designing
a test program to be executed at the ARES. The prelimi-
nary testing, such as experimental verification of
circuit thresholds, should be completed and understood
before the ARES testing is begun.

Regardless of the type of system being tested, the yield
of the experimental effort will depend on the care with
which the experiment is designed and executed, especial-
ly with regard to the characteristics of the facility
and the ways in which these characteristics satisfy the
user's EMP requirements."

It appears that the ARES will prove to be a useful source region simulator

for tactical Army systems when proper attention is focussed on the design

of the test. There is merit to testing systems with small antennas in the

ARES. These test results are test relatable. It is possible to test both

low and high altitude susceptability of tactical systems simultaneously,

with the ARES capable of providing an overtest of many important system

components.
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